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o tre elsctrolysis of solutnions of dilfferent acids with the dronming
LirTury cfinode, In most cases fhe Adecherre off the hydrogen lons is nctome-
nezxed vy ne formation of &lfivsion vavea, For week acids in vhich the
Gisscriation is less than 100% the mevement of the ions of hydrogsen 1o e
surface of tho cathede ocecur: becnuse of the diffusion of the actunl iy ogen

icrs and of the diffusion of undissociated molecules of the acid alreacy
nccrgoing disseciation on ine surlace of the cathode.

Tor sireng acids, for cxample hydrechloric acid, practically trne vhole
current depends on tne diffusion of nydrogen ions, as a result of which

c¢ircet propertionality is maintained between the currcnt and the concentration
of the acid., For weak acids both components of the diffusion current may be
commensurate and thereicre it is necessary first of all to determine whether =
lineor rolationship is imaintained between the concentration of the acid and the
diffusion current. The authors examined the reduction sl a number of satura-
ted mono- and dibasic acids, aromatic acids, amino-acids and certain sulphamidc
corpounds posscssing acid propertics. The solutions tested as base electrolyte
were O0.1N and *.,ON hydrochloric acid, 0.1N and 1.0N solutions of potassium
Lycéroxide, 0.1N solutions lithium sulphate ~n? chloride, 0.1N potassium chloride
and 0.05N and 0.1N solutions of ictramcthylammonium iodide. In ‘hose cases
where the acids examined werc soluble with difficulty in water, alcoholic
solutions werc initially preparcd and introduced into an electrolyzer containing
one or another compound as tase¢ electrolyte. The concentrations of the acids
examined varied from 1 to 30 m M/1. /1l mcasuremcnts were made in a thermostnt
at a temperature of 25 * 0.2°%C, The potentials were measured with reference to
tne saturated calomel elcctrode. Dissolved oxygen, in cases where it interfoered
with the measurements, was removed by blowing a current of electrolytic hydrogen
through the solution being analysed for !5 to 20 minutes.

’ 411 diffusion currents werc mcasured with a capillary for which m2/3,~
/0=,

4s a result of the experimenis carricd out it was establiched that hydrogen
waves in the weak acids tested arc not present wren solutions of hydrochloric
acid end potassium hydroxide are used as indifferent electrolyte.

In the presence of a considerable excess of hydrochleric acid the dissocia-
tion of the weak acid decreases to a negligibly small value and *he hydrogen
-

(%

wave of tre latter is covered by the diffusion wave of the base clectrolyte.

In alkalinc solutions, owing to neutralization the concentration of the
hydrogen ions and also of the free acid diminishes to a very small valuc.

FEere it should be noted that some anions of organic acids can te reduccd
at the dropping mercury cathods in acid and nlkalinc solutions, However, the
half-wave potenticl of the anion as a rulc differs from the half-wave potential
of hydrogen of this ecid. 1In addition, as will be shown later, the propor-
tionality coefficient in the equation relating the diffusion current and the
concentration during the reduction of the anion does not depend upon the
dissociation constant of the acid being reduced.

idccording to the cxperiments carried out by the authors the half-wave

potential of hydrogen reduction acpends to some extent on the chemic.l naturc
of the acid and the concentration of the latter. At the same time the half-
wave potential of hydrogen in all the acids examined is displece. towards more
negative values by 10-15 mV for a 15-20 fold increasc in the cw.>entration of
the acid. Only in the case of suceinic acid does the half-wave potential of
hydrogen rcduction remain constanc and equal to - 1.80 V, irvespective of the
acid content in the solution investigated.
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! Using solutions of neutral lithium and potassium salis «nd also

tetranctnyl-amonium 1cdide as base electrolyte the direct proporiionality
between the hydrogen current and the concentration or certain acids is
Taintained, provided that the concentration of the latter is not less than
1073 - 107k 1/n.

Furtherrere, tr~ authors did not cbserve any hydrogen diffusicn currents
Tor very weak acics of vhich the first disscciation consiant is less than 107
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Beiter shaped waves are cobserved when using solutions of tetrasubstitutea
&
salts as indifferent eleCtrOlth.

Fizs. 1 and 2 give same of the plotited polarograms.

Table 1 gives a summary of the acids investigated, the half~vave
potentials measured for the reducticn of hydrogen and the diffusion current
coefficients calculated by graphs.

Figs. 3 axt w the straight lines for some of the acids invostigated,

On examining t.c plotted polarograms and the gra zatcd siraight lines
drawn according to .hesc volarograms, it was noted that “he diffusion current
coeflicient K3 in the equation:

ia = Kge,

vhere i14 is the diffusion current in microamperes and ¢, the couceniration of
the acid in miliimols per litre, depends on the firs dissociation constant
of the acid,

TABLE 1

Half-wave notentials of hydrogen and values for weak

acids in 0,05 N(CH3),NI as base clectrolyte

<  Range of . Range of | First dissociation|
. Acid i Conc?ntr.; virlatlon; K3 | constant of the §
; . examined : 1/2 v acid |
: Cin mM/1 ! 5
' Formic © 110 1,741,850 2,42 1,77.107% }
» Acetic . © 215 | 1,76~1,861 1,95 1,75.107
| Isobutyric 3225 | 1,81-1,87; 1,6L 1,044,102
| Isovaleric L L=27 | 1,75-1,82: 1,35 1,7 4072
! Chioroacetic l 110 1 1,65-1,71. 3,1k 14 ,10'2 i
Dighloroacetic i 1-5 | 1,55-1,04. 4,25 5,0 .10‘;
Trichloroacetic l 1-8 i 1,57-1,68' 4,55 1,3 107 !
Oxalic T1-8 1 1,66-1,80 4,45 5.9 1072 ,
Malonic b 2-13 } 1,69-1,74: 2,70 1,49,1073 :
Tartaric R 1,64-1,77 3,12 1,04,10"3 ’
Citric |16 | 1,64-1,77! 3,30 8,4 107 !
Malic 1,5-10 | 1,66-1,74' 2,85 3,688,107 !
Pvrotartaric 1-10 | 1,80-1,86" 2,4k 8,70.10"2 :
Suceinie 1-9 1,80 2,63 6,89.1072 :
hdipic 2-11 1,76-1,801 2,07 3,7 1072 .
Benzoic 0,9-6 1,561,721 1,90 6.3 1072 :
Mandelic 2-13 | 1,70-1,781 2,2° 1,4 1074 |
Gallic 2-6 1,71-1,731 2,33 3,8 ,1072 '
Phthalic 111 | 1,604,851 3,221 1,3 107 !
Salicylic 1-9 1,66-1,831 2,80 1,06,1077 |
Acetylsalicylic 17 1,52-1,65¢ 2,00 - |
Anthranilic . A 3-20 1 1,52-1,60 11,40 1,07.1075 |
Sulphanil c 1 1,54 ! - 6,02,107k !
Nephthionic 2 1,4,2-1,52 1 - 2,107 l
Cinnamic 1,8-7,2 | 1,96-2,05! 1,92 - |
N-acetylsulphanilamide 2'3.13 3| 2,16-2.20 | 1,30 4,2 107 ,
Sulphathiazole 2,0L=14,71 1,66-1,7L1 °, 21 7,6 ,1070 i
Sulphazole 1,4=4,5 | 1,73-1,66:0,1) 1,6 1079 i
N-sulphanilyl-sulphanilamide |2,05-7,9 | 1,70-1,86 | 0,20 1,4 .10-2 i
Shlphidin N 1=2 nons - - jy? -‘10-4 1
Sulphanilamide | 1=4 reduﬁgbl“ - 3,7 ,107:0 |
Baric Acid L 1-10 - 57 .10
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sy v the dissociation constant the larger the diffusion current
cocfficiont, This diffcrence camnot be explained by the change of the

oy

diffusion ccufTiciente since the latter do not differ significantly.

v, tno increase in the diffusicn current with increasing sirenzth
2 4- A - -
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& is linked with an incrcasc in GO
onz, tre laticr having reator mobility thar the wndissociated molucuses.
or sclutzcons of te Lam

=
sramethylammoniun iodide a simple relationshin exieis
tetween thc diffusion surcent coefficient (XKg) and the logaritim of thc Tirst
dissociztion constant of the acid taken with the opposite sign (2K) and is
vwpressed by the eguatien:

K3 = 5.25 - 0.725 pK

This rclationship is showm graphically in fig. 5 with Kq and pK as co-
ordinates. Scparate experimental values cbtained by the authors are marked by
cmall circles.

Tt can be secn fro: the equation and the diagram that the polarogravhic
dctermination of the conaseniration of acids the dissociation constants of which
are less than 107 - 1070 is difficult. For such acids the hvdrogen ion con-
noatr “ion in the solution is so small that the polarograph. method becomes
insufficiently sensitive,

The empirical relaticnship obtained permits a solution of the problem of
the -iechanism of the reduction of molecules possessing an acid character and
reducible atomic groupings.

Yhen the diffusion current has a half-wave potential of about ~1.6, -1.8V
and is in conformity with equation (1) the reauction of hydrogen can be assumed.
Chviously this diffusion wave must be absent when solutions of strong acids

and alkelis are used os base electrolyte.

Tt is evident that in the reduction of the anion a diffusion wave may be
observed in acid or alkali media and should not depend on the dissociation
constoant of the acid.

Accordéing to the experiments of Neuman and Riabov (1) the anions of some
halogen-acctic acids give diffusion currents of reduction even in alkaline
solutions. However, the half-wave potentials of anions have a somewhat
smaller valuc than the half-wave potential of ithe cathode current of hydrogen
in these acids.

The authors used a polarographic method or' analysis for quantitative
Gehurmination of the concentration of a number of medicinal sulphamide
compounds,

The results of a number o' quantitative determinations of disulphanec,
sulphazole and sulphathiezele are shown in Table 2,

Results of quantitative deterinination of
it
sulvhanide compounds

; Concentration § Ditcrmincg_ ; Relative |

Substance ! in the solution | Po_Larograp : error ;

¢ | in ad/1 I dcally ! in @ ‘

N &b ki i in rﬂ.‘\I/l Z /v :

Disulphane ; 2,05 ! 2,70 , «2,5 ‘

: 3,10 5 3)05 | =1,7 ‘

1 4,20 ! 4,15 -1,2 ?

. 14':80 i l*r—ﬁ’ =i )5 .
Suiphazole i 2,1 { 2,15 ! +2,4

2,7 . 2,73 : +1,1 ,

4,0 i 3,89 ' -2,7 '.

3 L,5 ! L,L0 *o -2,2 i

' Suiphathiazole 5,92 ! 3,98 5 +1,5 I

i ] 5,85 E 5,80 '( = |

‘ : 7,45 ‘ 7,55 : +1,3 '
: { 5,00 : 9,05 i +0,6

Mean T 2,5
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For their determination the authors used calibration cwrves constructed oy
nmeans of standard solutions. In addition, the diffusion coeiTicient can be
calculated from cquaticn (1) if sufriciently r:liable data on the aissceiavicn

constant of the acid are available.

Equation (1) is also suitable for the determinat.on of the first dissocia-
ticn constant of a compound possessing acid mroperties.

Conclusions

1,21t was found that weak auids'produce diffusion currents of hydrogcn witn
potentials of about -1.6, -1.8 V on_y in a background solution of 1rallfc““*‘
electrolytes. ‘
2“’Betwcen the diffusion current constant of hydrogen and the dissociation,
constant of weak acid there is a relationship of the form Kd a + b log Kc,

which may be used to calculate the dissociation constant of the acid.

5?/It was established that a linear relationship is maintained between the
diffusion current and the concentration of the acid., ¢
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Figures
Pig, ﬂ Polarograms of solu?ions.of acids in a base electrol - 5N (VH3)4h$
1) - acetic acid, concentr. 15,6 mM/1, stoo..._ ... .4 V]

2) - oxalic acid, concentr. 4.95 m,’l, s* -~ting from 1.2 V;
3) - citric acid, concentr. 7.3o md/1, starting from 1.2 V;
}4) - phthalic acid, concentr. 9.3 mM/1,starting from 1.0 V;

Fig, 2 Polarograms of solutions of N-acetylsulphanilamide:
1) - base clectrolyte O.1N (CHz), NI;
2} - concentr. of N-acetylsulphanilamide 2.3 mM/1;
3) - 3.6 mV/1;
&) = 4.5 mM/1;
5) - 7.2 m¥/1;
6) =13.4 mM/1;

Fig., 3 Calibration graphs for solutions of somc acids:

Tine 1) - Oxalic acid:

2) - phthalic;
3) - adipic;
4) - acotic ,
5) - anthranilic.
Fig., L Calibration graph for N-acetylsulphanilamide in 0.05N (CH;)LNI as base
elcctrolyte.

Fig. 5 Relationship between the diffusion curreant coefficient Kq and pK for
woak acids.
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DPuc. 1. IoxsporpadMu pacTBOPOB KHNCIOT Ea Prc. 3. NonAporpaMMi pacT=opos N-anoTus-
wouo 0,05 N (CHy) NJ: cyabaEnaaMuia;

BINDLR }—YHEY:UI§ KRENOTA, HOHNI. 45,86 m!f/3, uowpan  J—¢or 0,iN (CH,)NJ; 3$—wnomm.

Siatadd O 1,4 V; J - OI8BENEBAR  KWMNIOTA, HOMN, edNeTRACYAROATANAMERS 2,3M M /n1; 3~3, 0 L 30 /5

4,45 mA/a, Bavaae o7 .2 V, § — AEMORHAA KICHOTS, ¢~-4,5 nMa; 6—72 mM/a; 6—~134 mAM/»
woug. 7,55 mAfn, mavano o7 {2 V; é— Qranenan
rACROTS, kOGN, 9,3 aM /A, Havwa%ko 0T {,0V

Pec. 3. Tpanymposousuo roelixm pna
PacTBOPOB HOKOTOPWE KuC.0T:

DDRAMGA J — INABENGBAA HECNOTA; & -— drande
BaR; 3 — ANNOHZOBAA; # — YHOYCHAN; § — gli=
TPARENOBLA

SN VAUES WU W GNPy S VNN SN VI G W e |
1 23¢ 587830001
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K:c. 4. Tpanyaponowsui rgz(nx Ran PRE. 5. 3aBRCOMOCTE  MOKIY  KODL -
SueTWACyabpanmiaMusa Ha owe 0,054  umemroM RmpysuORROro TOKa K,u &

CH,),NJ And caalux xmcaor




